AD 


Award  Number:  DAMD1 7-03-1 -01 63 


TITLE:  A  PSCA  Promoter  Based  Avian  Retroviral  Transgene  Model  of  Normal  and  Malignant 
Prostate 


PRINCIPAL  INVESTIGATOR:  Robert  Reiter,  M.D. 


CONTRACTING  ORGANIZATION:  The  University  of  California 

Los  Angeles,  CA  90024 


REPORT  DATE:  April  2005 


TYPE  OF  REPORT:  Annual 


PREPARED  FOR:  U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


DISTRIBUTION  STATEMENT:  Approved  for  Public  Release; 

Distribution  Unlimited 


The  views,  opinions  and/or  findings  contained  in  this  report  are  those  of  the  author(s)  and 
should  not  be  construed  as  an  official  Department  of  the  Army  position,  policy  or  decision 
unless  so  designated  by  other  documentation. 


REPORT  DOCUMENTATION  PAGE 

Form  Approved 

OMB  No.  0704-0188 

Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and  maintaining  the 
data  needed,  and  completing  and  reviewing  this  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information,  including  suggestions  for  reducing 
this  burden  to  Department  of  Defense,  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports  (0704-0188),  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202- 
4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  any  penalty  for  failing  to  comply  with  a  collection  of  information  if  it  does  not  display  a  currently 
valid  OMB  control  number.  PLEASE  DO  NOT  RETURN  YOUR  FORM  TO  THE  ABOVE  ADDRESS. 

1.  REPORT  DATE  (DD-MM-YYYY) 
01-04-2005 

2.  REPORT  TYPE 

Annual 

3.  DATES  COVERED  (From  -  To) 

1  APR  2004  -  31  MAR  2005 

4.  TITLE  AND  SUBTITLE 

A  PSCA  Promoter  Based  Avian  Retroviral  Transgene  Model  of  Normal  and 

5a.  CONTRACT  NUMBER 

Malignant  Prostate 

5b.  GRANT  NUMBER 

DAMD1 7-03-1 -01 63 

5c.  PROGRAM  ELEMENT  NUMBER 

6.  AUTHOR(S) 

Robert  Reiter,  M.D. 

5d.  PROJECT  NUMBER 

5e.  TASK  NUMBER 

E-mail:  rreiter@mednet.ucla.edu 

5f.  WORK  UNIT  NUMBER 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

The  University  of  California 

Los  Angeles,  CA  90024 

8.  PERFORMING  ORGANIZATION  REPORT 
NUMBER 

9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

U.S.  Army  Medical  Research  and  Materiel  Command 

Fort  Detrick,  Maryland  21702-5012 

10.  SPONSOR/MONITOR’S  ACRONYM(S) 

11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(S) 

12.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 

Approved  for  Public  Release;  Distribution  Unlimited 

13.  SUPPLEMENTARY  NOTES 

Original  contains  color  plates:  All  DTIC  reproductions  will  be  in  black  and  white. 

14.  ABSTRACT 

The  molecular  and  cellular  origins  of  prostate  cancer  are  poorly  understood.  Recent  evidence 
from  our  laboratory  suggests  that  prostate  cancer  may  arise  from  a  basal/luminal  precursor 
cell  marked  by  cell  surface  expression  of  PSCA.  The  evidence  supporting  this  hypothesis  is 
that  (1)  PSCA  marks  an  intermediate  cell  population  that  co-expresses  basal  and  luminal  cell 
cytokeratins  (2)  this  cell  population  is  does  not  express  p63  and  is  androgen  receptor 
positive,  all  hallmarks  of  prostate  cancer,  and  (3)  PSCA  is  highly  expressed  in  HGPIN  and 
prostate  cancer  and  in  all  animal  models  of  prostate  cancer.  To  test  this  hypothesis  and  to 
develop  new  models  of  prostate,  we  propose  to  determine  whether  delivery  of  oncogenes 
specifically  to  the  PSCA  positive  cells  of  mouse  prostate  is  sufficient  to  cause  cancer.  To 
accomplish  this,  we  will  develop  a  transgenic  mouse  model  in  which  the  retroviral  receptor 
gene  tva  is  expressed  in  the  prostate  under  control  of  the  PSCA  promoter.  Virus  containing  one 
or  more  oncogenes  will  be  delivered  to  the  prostate  and  the  resulting  phenotype  characterized. 


15.  SUBJECT  TERMS 

prostate  cancer,  Prostate  stem  cell  antigen,  mouse  model 


16.  SECURITY  CLASSIFICATION  OF: 

17.  LIMITATION 

OF  ABSTRACT 

18.  NUMBER 
OF  PAGES 

19a.  NAME  OF  RESPONSIBLE  PERSON 

USAMRMC 

a.  REPORT 

u 

b.  ABSTRACT 

u 

c.  THIS  PAGE 

u 

uu 

7 

19b.  TELEPHONE  NUMBER  (include  area 
code) 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std.  Z39.18 


Table  of  Contents 


Cover . 1 

SF  298 . 2 

Table  of  Contents . 3 

Introduction . 4 

Body . 4- 

Key  Research  Accomplishments . 7 

Reportable  Outcomes . 7 

Conclusions . 7 


References 


Appendices 


INTRODUCTION 


The  molecular  and  cellular  origins  of  prostate  cancer  are  poorly  understood.  Recent  evidence  from  our 
laboratory  suggests  that  prostate  cancer  may  arise  from  a  basal/luminal  precursor  cell  marked  by  cell  surface 
expression  of  PSCA.  The  evidence  supporting  this  hypothesis  is  that  (1)  PSCA  marks  an  intermediate  cell 
population  that  co-expresses  basal  and  luminal  cell  cytokeratins  (2)  this  cell  population  is  does  not  express  p63 
and  is  androgen  receptor  positive,  all  hallmarks  of  prostate  cancer,  and  (3)  PSCA  is  highly  expressed  in  HGPIN 
and  prostate  cancer  and  in  all  animal  models  of  prostate  cancer.  To  test  this  hypothesis  and  to  develop  new 
models  of  prostate,  we  propose  to  determine  whether  delivery  of  oncogenes  specifically  to  the  PSCA  positive 
cells  of  mouse  prostate  is  sufficient  to  cause  cancer.  To  accomplish  this,  we  will  develop  a  transgenic  mouse 
model  in  which  the  retroviral  receptor  gene  tva  is  expressed  in  the  prostate  under  control  of  the  PSCA  promoter. 
Virus  containing  one  or  more  oncogenes  will  be  delivered  to  the  prostate  and  the  resulting  phenotype 
characterized. 


PROGRESS  REPORT 

Specific  Aim  1 .  Establishment  of  a  PSCA-tva  transgenic  line  and  characterization  of  the  TVA  positive  cell 
population,  (months  1-18). 

This  Aim  has  been  completed. 

Task  1-2.  Multiple  PSCA-tva  transgenic  mice  were  established  and  TVA  expression  was  confirmed  in  the 
prostate  at  the  RNA  and  protein  levels.  Two  transgenic  lines  were  maintained  and  expanded  for  in  vivo 
orthotopic  experiments.  Orthotopic  delivery  of  virus  was  optimized  and  standardized,  first  using  the  marker 
gene  GFP,  and  subsequently  using  luciferase.  The  latter  marker  enables  us  to  monitor  gene  uptake  into  the 
prostate  noninvasively  using  the  CCD  camera.  (Figure  1)  Orthotopic  injection  of  virus  into  the  dorsal  lobe  at  5 
weeks  of  age  resulted  in  reproducible  uptake  of  virus  and  luciferase  expression  while  control  mice  were 
negative. 


Figure  1:  Expression  of  luciferase  in  the  prostates  of  3  PSCA-tva  transgenic  mice 
compared  with  3  wild-type  mice.  All  were  injected  with  virus  at  5  weeks  of  age 
orthotopically  into  the  prostate  and  imaged  with  the  CCD  camera  at  2  weeks  later. 


We  performed  additional  experiments  to  determine  if  systemic  administration  of  virus  by  intraperitoneal  (IP) 
injection  can  improve  prostatic  uptake,  since  a  limitation  of  the  orthotopic  approach  is  that  virus  uptake  in  the 
lateral  and  ventral  lobes,  which  express  high  levels  of  tva,  is  suboptimal.  IP  injection  of  luciferase-expressing 
virus  into  five  days  old  pups  resulted  in  significant  expression  of  luciferase  in  the  pelvic  and  stomach  regions. 
However  luciferase  expression  decreased  when  the  mice  reached  puberty  and  were  not  maintained  further.  In  a 
parallel  experiment,  middle  T  virus  were  delivered  via  IP  and  mice  sacrificed  3  months  later,  middle  T 
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expression  were  clearly  detected  by  in  situ  hybridization  in  the  prostate  and  stomach.  Based  on  this  result,  we 
combined  both  IP  and  orthotopic  deliveries  in  our  subsequent  experiments. 

Task  3-4.  The  PSCA-tva  positive  cells  have  furthermore  been  characterized  to  determine  if  they  are  equivalent 
to  the  human  PSCA-positive  prostate  epithelial  cells  (i.e  intermediate  cells).  We  performed  a  recombination 
experiment,  in  which  the  PSCA-tva  mouse  prostate  cells  were  mixed  with  mesenchymal  cells  isolated  from  the 
mouse  urogenital  sinus,  and  inoculated  under  the  kidney  capsule  of  immunodeficient  mice.  The  resulting  tissue, 
harvested  at  8  weeks  later,  reconstituted  prostate  gland-like  structures.  When  we  looked  for  TVA  expression  by 
immunohistochemistry  in  the  glands,  higher  signal  was  observed  in  what  appeared  to  be  developing  gland  while 
cells  lining  the  mature  glands  had  lower  to  negligible  level  of  expression  (Figure  2).  This  is  consistent  with  the 
hypothesis  that  PSCA-tva  is  a  marker  of  an  intermediate  precursor  cell  in  the  developing  prostate.  We 
proceeded  to  Aim  2  to  determine  if  this  cell  type  is  transformable  in  this  model. 


Figure  2:  TVA  expression  in  recombinant  tissue  from  PSCA-tva  mouse.  H/E 
staining  and  immunohistochemistry  of  reconstituted  prostate  gland-like  structure 
(x  400). 


Specific  Aim  2.  Induction  of  cancer  using  the  oncogene  polyoma  virus  middle  T  antigen  (months  12-36) 

Task  1-3.  Middle  T  antigen  virus  were  delivered  into  10  transgenic  prostates  and  mice  were  then  harvested  at  6 
months  of  age.  We  unexpectedly  found  that  50  %  of  mice  developed  large  hemangiomas  (Figure  3).  Parallel 
experiments  with  middle  T  injection  into  bladder  resulted  in  the  same — large  hemangiomas.  It  turns  out  that 
endothelial  cells  are  exquisitely  sensitive  to  transformation  by  middle  T,  which  leads  to  hemangioma  formation. 
Although  there  is  no  detectable  TVA  expression  whatsoever  in  endothelium,  it  seems  likely  that  the 
inflammation  or  trauma  of  orthotopic  infection  or  very  low-level  expression  of  PSCA-tva  by  prostatic 
endothelium  resulted  in  hemangioma  formation.  We  performed  in  situ  hybridization  on  these  tissues,  and  found 
middle  T  mRNA  expression  also  in  the  apparently  normal  prostate  glands  adjacent  to  the  hemangioma  (Figure 
4).  We  also  examined  mice  harvested  at  10  months  post  middle  T  injection  and  found  similar  results,  that 
hemangioma  was  present  in  some  mice,  but  the  epithelial  glands  were  unaffected.  This  result  demonstrated  that 
while  middle  T  can  affect  endothelial  cells  dramatically,  its  expression  alone  appeared  insufficient  to  cause 
abnormality  in  the  prostate  epithelium.  However,  it  is  evident  that  genes  delivered  by  this  system  can  be  stably 
expressed  in  long  term  (6  months  post  injection),  even  though  the  co-injected  luciferase  signal  was  no  longer 
observed. 

To  overcome  the  above  mentioned  problems,  we  moved  on  to  other  oncogenes  and  combinations  of 
oncogenes,  which  would  be  unlikely  to  cause  an  effect  secondary  to  any  low  level  background.  Mice  were 
innoculated  with  either  myc  virus  (n=15),  or  activated  Akt  (n=10),  or  both  (n=8).  To  date,  the  myc  group  was 
harvested  at  one  year  post  injection  and  examined  histologically.  Mild  hyperplasia  was  observed  in  2  out  of  15 


5 


mice,  suggesting  that  just  like  middle  T,  expressing  a  single  oncogene  in  a  subset  of  cells  in  the  prostate  may 
not  be  enough  to  cause  transformation  (Figure  5).  The  Akt  group  and  the  combination  group  are  being  collected 
and  examined  for  histological  changes. 


Figure  3:  Histology  of  PSCA-tva  mouse  prostate  injected  with  middle  T  antigen,  sacrificed  at  6 
months.  Large  hemangioma  was  presented  around  and  within  the  dorsal  prostate  (left  panel), 
while  remnants  of  normal  prostate  glands  were  also  observed  in  adjacent  area  (right  panel). 


Figure  4:  Expression  of  middle  T  antigen,  detected  by  in  situ  hybridization,  in  the 
dorsal  prostate  adjacent  to  the  hemagioma  found  in  PSCA-tva  mouse  injected  with 
middle  T  antigen.  Antisense  (left  panel);  sense  control  (right  panel). 
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Also,  as  planned  in  our  study,  PSCA-tva  mice  were  crossed  with  Nkx3.1  knockout.  This  knockout 
model  was  chosen  over  other  more  aggressive  models  (like  PTEN  knockout)  because  we  want  to  see  the  effects 
of  the  introduced  genes.  To  date,  we  have  inoculated  the  bigenic  mice  (PSCA-tva  /  NKX3.1  knockout)  with 
myc  (n=15),  akt  (n=10),  and  both  (n=8).  These  groups  are  monitored  and  will  be  harvested  at  1  year  post 
injection.  Furthermore,  we  crossed  PSCA-tva  mice  with  PTEN  flox  mice  and  have  started  to  infect  the  bigenic 
offspring  with  ere  expressing  virus  to  inactivate  PTEN  in  tva-positive  cells.  We  hope  that  these  solutions  will 
result  in  models  that  are  more  analogous  to  human  prostate  cancer.  Of  note  however,  while  observing  reports 
from  other  groups  using  this  system  in  other  organs,  we  have  realized  that  the  tva  system  works  best  for  organs 
that  are  solid  mass,  such  as  the  brain  or  liver.  For  our  system,  the  efficiency  of  infection  would  be  much  lower 
since  the  mouse  prostate  is  composed  of  a  numbers  glands,  not  a  single  solid  mass,  therefore  it  is  difficult  to 
infect  every  glands  with  one  single  injection. 


KEY  RESEARCH  ACCOMPLISHMENTS  OVER  YEAR  2-3: 

-  Combination  strategies  for  better  gene  delivery:  both  IP  and  orthotopic  routes. 

-  Demonstration  of  long-term  stable  expression  of  delivered  genes. 

-  Delivery  of  other  potential  oncogenes  to  PSCA-tva  mice  (myc  and  activated  Akt). 

-  Observation  that  Myc  caused  mild  hyperplasia. 

-  Generation  of  bigenic  mice:  PSCA-tva  /  NKX3.1  knockout,  and  PSCA-tva  /  PTEN  flox 

-  Delivery  of  oncogenes  to  bigenic  offspring. 


REPORTABLE  OUTCOMES 

None 


CONCLUSION:  We  have  made  significant  progress  over  the  past  year.  The  major  accomplishment  has  been 
the  demonstration  that  in  this  system,  virus  can  be  inoculated  orthotopically  and  the  delivered  gene  expressed 
stably  by  the  prostate  in  long  term.  In  addition,  we  have  proceeded  to  apply  this  model  to  screen  various  genes’ 
capability,  either  introduced  alone  or  in  combination,  to  induce  transformation  in  the  prostate.  We  hope  to 
collect  and  process  all  data  from  ongoing  experiments  in  the  next  few  months  to  provide  a  better  understanding 
of  how  well  the  model  can  work. 
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